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Purified human myelin was incubated with exogenous myelin basic protein (MBP) at pH 4.0 to see if there 
is acid proteinase activity associated with myelin. Following incubation for 12 h up to 70% of MBP was 
degraded. On electrophoresis peptide fragments of MBP between 15.8 and 9.4 kDa were consistent with 
an endopeptic cleavage of MBP. Unlike the exogenous substrate MBP associated with myelin was only 
slightly degraded under the experimental conditions used. The results show that proteinase activity associat- 
ed with isolated myelin may be elicited and further evaluated by using MBP as enzyme substrate. 
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1. INTRODUCTION 
Acid extracts of delipidated human white matter 
were recently found to exhibit cathepsin B-like ac- 
tivity [l]. Notwithstanding the denatured state of 
white matter myelin was tentatively envisaged as a 
possible enzyme source, and a search was bgun to 
elicit acid proteinase activity associated with 
purified human myelin. A typical experimental ap- 
proach to study degradation of myelin proteins in 
vitro by endogenous proteinase activity has been to 
incubate purified myelin and to measure relative 
changes in the overall distribution patterns of 
myelin proteins by electrophoresis [2,3]. Since this 
approach proved to be unfeasible to elicit clearly 
acid proteinase activity of myelin an alternative 
method was tried. Purified human myelin was in- 
cubated with exogenous MBP serving as substrate 
for proteinases. From the degradation of MBP 
under these conditions strong evidence of an acid 
Abbreviations: DTE, dithioerythritol; MBP, myelin 2.2. Preparation of myelin and A4BP 
basic protein; SDS-PAGE, SDS-polyacrylamide gel Standard methods were used for the purification 
electrophoresis of myelin from white matter [4] and extraction of 
proteinase associated with myelin basic protein 
was obtained. 
2. MATERIALS AND METHODS 
2.1. Materials 
DTE (Clelands reagent), bovine serum albumin, 
recrystallized, and chemicals for SDS-PAGE in- 
cluding Coomassie brilliant blue R-250 (Serva Blue 
R) were purchased from Serva (Heidelberg). The 
Coomassie dye reagent concentrate for the deter- 
mination of total protein was obtained from 
BioRad (Munich), and 3,3_dimethylglutaric acid 
from Fluka (Buchs, Switzerland). EDTA and all 
other common chemicals were from Merck (Darm- 
stadt). Ultrapure water, designated istilled water, 
was drawn from a milli-Q unit (Millipore, Neu- 
Isenburg, FRG). Distilled water and all buffer 
media were sterile filtered prior to use. Low-M, 
protein markers were supplied by Bethesda 
Research Laboratories, Neu-Isenburg. 
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MBP from delipidated white matter [5]. Human 
subcortical white matter was obtained from autop- 
sy cases as described [6]. Aqueous suspensions of 
purified myelin containing approx. 12 mg total 
protein/ml were stored frozen at - 25°C. MBP ex- 
tracts were lyophilized without further purification 
and stored likewise until required. 
2.3. Incubation of myelin 
For the assessment of myelin acid proteinase ac- 
tivity aliquots of aqueous myelin suspensions were 
diluted 1:20 in 50 mM sodium citrate buffer, pH 
4.0, containing 2 mM EDTA, 10 mM DTE and 
0.5 mg MBP dry wt/ml as proteolytic substrate. 
To destroy endogenous acid proteinase activity of 
MBP extracts lyophilisates of MBP were dissolved 
in water, heated for 20 min in a boiling water-bath 
and lyophilized again. Individual incubation mix- 
tures were prepared in acid-washed 1.5-ml 
disposable reaction vessels which were tightly 
capped and incubated at 3792 in a thermostatic 
metal block. At the desired time intervals aliquots 
of the mixture were removed, briefly centrifuged 
and the clear supernatants were frozen in liquid 
nitrogen at once for later analysis. Further ex- 
perimental details are given in the text. 
2.4. Analytical methods 
Both total soluble protein and the cleavage of 
exogenous MBP were measured by a Coomassie 
dye-binding assay for protein [7,8]. Myelin total 
protein was determined by a modified Lowry 
method [93. In either case bovine serum albumin 
was used as standard. Discontinuous SDS-PAGE 
on homogeneous lab gels of 15% polyacrylamide 
for resolving gels and 6% for stacking gels was 
conducted under denaturing conditions according 
to Laemmli [lo] as previously described [6]. 
Samples of soluble protein were prepared by 
heating at 95°C for IO min under reducing condi- 
tions, whereas samples of myelin pellets were 
dissolved in 5% (w/v) SDS first and then treated 
similarly except for heating at 56°C only. 
3. RESULTS 
Incubation of exogenous MBP with purified 
myelin at pH 4.0 resulted in a marked decrease of 
total soluble protein (fig.1). Neither heat- 
inactivated MBP incubated without myelin nor 
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Fig. 1. Cleavage of exogenous MBP by purified human 
myelin. Incubation mixtures containing 0.6 mg total 
myelin protein/ml and 0.5 mg heat-inactivated MBP dry 
wt/ml in 50 mM sodium citrate buffer, pH 4.0, were 
incubated from 0 to 24 h at 37°C (o----o), The cleavage 
of MBP was monitored by measuring total soluble 
protein of supernatants by the selective dye-binding 
assay, and results are plotted as the decrease of total 
protein content in &ml. Triton X-100 was added in 2 
different experiments at concentrations of 0.1% 
(v/v, H) and 0.2% (n-0). Control experiments 
were conducted either with MBP alone (0.5 mg/ 
ml, H) or with myelin at 4-times the concentration 
used above in the absence of exogenous MBP (ti). 
Results are means of duplicate determinations with 
ranges denoted by the bars. 
soluble myelin protein derived from purified 
myelin was degraded appreciably. In an attempt to 
enhance acid myelin proteinase activity along with 
a global release of myelin proteins Triton X-100 
was added to incubation mixtures in separate ex- 
periments. Cleavage of MBP was slowed down 
rather than stimulated by this measure. 
SDS-PAGE disclosed that approx. 70% of MBP 
was cleaved, giving rise to 2 major peptides of 15.8 
and 9.4 kDa, besides several minor peptides in be- 
tween (fig.2). Heat-inactivated MBP was not af- 
fected at all in the absence of myelin. The overall 
proportions of MBP of purified myelin dropped 
by 14.8% only. Similar proteolytic peptides to 
those derived from exogenous MBP were not pre- 
sent at all. 
Of the exogenous MBP of 500/1g/ml only 
50-60% was actually used up even after 24 h of in- 
cubation (see fig.1). From table 1 it appears that 
this portion represents the free form of exogenous 
MBP, the rest being bound at once by myelin. 
Volume 194, number 2 FEBS LETTERS January 1986 
./: 
6 
MABC D E 
Fig.2. SDS-PAGE of limited degradation of exogenous 
MBP by purified myelin. Heat-inactivated MBP 
(0.5 mg/ml) was incubated with myelin (0.6 mg total 
protein/ml) for 12 h at 37% (lane C). The proportions 
of the MBP band dropped by 69.8% as measured by 
quantitative densitometry. In the absence of myelin the 
proportions of MBP remained constant (40.3 and 
40.8%, respectively) between 0 h (lane A) and 12 h (lane 
B) of incubation. Pellets of myelin incubated without 
exogenous ubstrate are shown in lane D for 0 h and lane 
E for 12 h. The overall proportions of the MBP band 
were 25.7 and 21.9%, respectively, and the ratio of MBP 
to proteolipid protein dropped from 1.16 to 0.89. 
Marker proteins (lane M) included ovalbumin, 43.0 kDa 
(l), cu-chymotrypsinogen, 25.7 kDa (2), fl-lactoglobulin, 
17.4 kDa (3), lysozyme, 14.3 kDa (4), bovine trypsin 
inhibitor, 6.2 kDa (J), and insulin, A and B chains, 
approx. 3 kDa (6). For electrophoresis 15 ,ug total 
protein each were applied onto lanes A and B, and 20 pg 
onto lane C. To prevent interference of high salt 
concentrations with electrophoresis aliquots containing 
citrate buffer were desalted by membrane dialysis [6]. 
Aliquots of myelin pellets dissolved in 5% SDS 
contained 2Opg total protein each. 
Binding was only partially overcome by increasing 
ionic strength or adding a detergent o the buffer 
medium. High values of free MBP at 0.2% Triton 
X-100 are attributed to the detergent interfering 
with the protein assay. Since only l-6% of total 
myelin protein was solubilized both initially and 
even after more prolonged incubation periods of 
up to 12 h (not shown) the results obtained with a 
manifold excess of exogenous MBP are not likely 
to be affected by this amount at all. 
4. DISCUSSION 
Both circumstantial and direct evidence in- 
dicates that neutral proteinase activity may be 
associated with myelin [2,3,1 l-131. In contrast, 
acid proteinase activity of myelin has not been 
demonstrated except for some immunocyto- 
chemical evidence of an association of cathepsin D 
with oligodendroglial cells [14]. By using ex- 
ogenous MBP as proteolytic substrate strong 
evidence of the actual association of acid pro- 
teinase activity has now been obtained. Preli- 
minary attempts to identify the proteinase as a 
cathepsin B-like activity were unsuccessful. The 
proteolytic activity of myelin was neither activated 
by EDTA or DTE nor was it inhibited by cysteine 
proteinase inhibitors including N-ethylmaleimide, 
p-chloromercuriphenylsulfonic acid, E-64 or 
leupeptin. Instead, pepstatin A seemed to be an ef- 
fective inhibitor suggesting a proteinase related to 
cathepsin D. Besides, unlike acid-soluble cathepsin 
B-like activity previously found [l] myelin acid 
proteinase was found to be virtually inactive at pH 
3.0. 
The electrophoresis results are clearly consistent 
with an endopeptic cleavage of MBP. The 
molecular masses of the 2 major peptides of 15.8 
and 9.4 kDa are consistent with approx. 145 and 
86 amino acid residues, only the latter suggesting 
a cleavage site near peptide band 89-90 typical of 
cathepsin D [15,16]. 
The novel experimental approach may prove 
useful to evaluate kinetic properties of proteinases 
firmly bound to the myelin sheath, both in the acid 
and probably also neutral to alkaline pH range 
without having to isolate the enzyme first. The 
data also show that the catabolism of myelin mem- 
brane proteins may be governed by proteolytic en- 
zymes which are part of the membrane. Nothing is 
known as yet of control mechanisms involved 
which are to be postulated, nevertheless. With 
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Table 1 
Release of myelin protein and binding of exogenous MBP by purified myelin 
Additions Concen- Total soluble protein &g/ml) 
tration 
MBPa Myelinb MBP + Recovery of 
myelinc MBP in Qo 
None - 534 * 3 11 +o 391 f 4 71.3 + 1.0 
Sodium 
chloride 0.1 M 524 f 1 23 f 0 419 * 4 75.6 f 0.7 
Sodium 
chloride 0.2 M 528 + 4 57 + 1 462 f 4 76.7 + 1.2 
Triton X-100 0.1% (v/v) 524 + 1 35 f 1 483 f 4 85.4 f 0.9 
Triton X-100 0.2% (v/v) 629 * 10 44+4 518 f 4 75.3 + 2.4 
a Heat-inactivated MBP, 0.5 mg dry wt/ml buffer 
b Purified myelin suspension, 1 mg total protein/ml buffer 
’ Purified myelin in buffer containing heat-inactivated MBP 
d Recovery of MBP is based on free MBPa in percent of unbound MBP’ minus soluble myelin 
proteinb 
Samples were equilibrated at0°C for 30 min in buffer medium. To avoid interference from 
complexing properties of the sodium citrate buffer 45 mM sodium dimethylglutarate buffer, 
pH 4.0, was used. Equilibrated samples were centrifuged at 0°C for 5 min, and total protein 
content of clear supernatants was determined by means of the dye-binding assay. Results are 
means rt: ranges of duplicate determinations 
regard to pathological states in man like multiple 
sclerosis disturbed control mechanisms of 
membrane-bound proteolysis may conceivably 
play an important role in the chain of events 
leading to the ultimate destruction of myelin, 
typical of this disease. 
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